The use of measures of suicidal ideation and behavior with sound measurement properties is critical in identifying people most at risk of suicide. In particular, brief self-report measures of suicidal ideation and behaviors are needed for use in large-scale population-based research and in the development and evaluation of suicide prevention programs in the community.
Robust measures of suicide risk are necessary for the development and evaluation of suicide prevention and treatment programs and for ongoing clinical and population-based research (Brown, 2001; Range & Knott, 1997) . This paper examines measures that assess the severity of suicidal thoughts and of suicidal behaviors initiated with the intent to die. There are a considerable number of measures developed for this purpose but, to date, there is no globally accepted standard measure recommended for use in population-based studies.
Population-based studies may be distinguished from clinical studies in that they tend to focus on a wider range of outcomes and risk factors. Suicidal thoughts and behaviors are less common in the general community than in clinical populations; therefore larger samples are required to identify risk and protective factors for suicide. There is consequently a need for brief measures to reduce response burden, and a parallel requirement for self-report measures to enable collection of data on a large scale where clinician or interviewer assessment of individual participants is cost-prohibitive.
In the past two decades, several reviews of measures assessing suicidal thoughts and behaviors have been published. These reviews have focused on measures that: predict suicide deaths (Rothberg & Geer-Williams, 1992) ; have been used in counselling (Westefeld, Range, Rogers et al., 2000) , clinical (Perlman, Neufeld, Martin et al., 2011) , or forensic settings (Horon, Mcmanus, Schmollinger et al., 2012) ; have been used with specific populations, such as people with schizophrenia (Preston & Hansen, 2005) or young people (Goldston, 2000) ; or have focused on describing the psychometric properties of widely used measures (Range & Knott, 1997) . The most rigorous and robust review of adult measures was conducted by Brown (2001) more than a decade ago. Brown's review identified 11 self-report, and 12 clinician or interviewer administered measures of suicidal ideation and/or suicidal behaviors, along with five attitudinal measures, four reason-for-living measures, three measures assessing lethality of attempt and one hopelessness measure. Since this review was conducted, several new measures assessing suicidality have been developed.
There have also been significant theoretical developments since the Brown review, which have recently been summarized by O'Connor and Nock (2014) . Such developments may influence the way in which suicidal thoughts and behaviors are conceptualized and measured. For example, the Interpersonal-Psychological Theory of Suicidal Behavior was first described by Joiner (2005) . Strong empirical evidence has emerged for the theory, supporting the roles of thwarted belongingness and perceived burdensomeness in the development of suicidal desire and the necessity for acquired capability for suicide (pain tolerance and fearlessness of death) to be present in people who make near-lethal and lethal suicide attempts (Van Orden, Witte, Cukrowicz et al., 2010) . Another recent theory, the integrated motivational-volitional model of suicidal behavior (O'Connor, 2011) , builds on the stress-diathesis approach adopted in earlier theories (e.g., Mann, Waternaux, Haas et al., 1999) to better specify the motivational phases preceding suicide. These theories of suicidal behavior may lead to more accurate conceptualizations of suicide risk, and consequently, the development of new measures of suicidal thoughts and behaviors.
It is clear that there is a need for greater consistency in the use of measures that assess suicidality so that comparisons may be made across studies (Burless & De Leo, 2001; Fairweather-Schmidt & Anstey, 2012) . This need for consistency is a priority emphasized in the research agenda for suicide prevention released by the US National Action Alliance for Suicide Prevention (National Action Alliance for Suicide Prevention Research Prioritization Task Force, 2014). However, there are a number of considerations that bear upon the choice of measures for use in the research setting. The psychometric properties of suicide measures are difficult to assess and compare. Validation of scores on suicide measures tends to be conducted with respect to other measures (convergent validity) or simply by assessing internal consistency, rather than by comparing to clinical assessment. Dimensionality and factor structure may also be assessed. There has been very little population-based research on the predictive validity of measures currently in use (that is, whether they predict subsequent suicidal behaviors), due to the relatively low prevalence of deaths by suicide in the general population and the difficulty and cost of implementing prospective studies. Nonetheless, some measures are designed to assess current severity rather than predicting future suicidal behaviors. Accordingly, the present review examines both psychometric properties and a number of pragmatic considerations to provide a broad evaluation of the utility of a range of measures in population-based research.
The response burden of a measure is a particularly important consideration, and especially so when that measure is one component of a large population-based survey that extensively assesses a range of risk factors and outcomes. Another consideration is whether measures assess prevalence only (using binary items), or also aim to assess the severity of suicidal thoughts and behaviors (using response scales). Severity measures are more likely to capture the variability necessary to assess changes in suicidal thinking or behavior. Therefore, such measures may be more useful in trials and program evaluations than measures that only assess prevalence of suicidal thoughts and behaviors. Consequently, the current review focuses only on severity measures, for use in population-based research where suicidal ideation or behaviors is an outcome of interest. Nevertheless, other research designs, particularly those with a focus on suicidality as a risk factor rather than an outcome, may benefit more from prevalence measures. A further issue is the need to request permission or pay for the use of certain measures, which may pose barriers to use. A final consideration is that measures should assess both suicidal thoughts and suicidal behaviors, to enable a thorough assessment of suicide-related outcomes.
This study provides a systematic review of adult, self-report suicide measures for use in population-based research. The focus of the review is on measures that assess the level of severity of suicidal thoughts and behaviors as a dimension. Dimensional measures are capable of capturing a range of risk states and are therefore well suited to assessing suicide risk in population-based samples. Furthermore, prevalence measures that do not assess suicide risk on a dimension tend to have limited demonstration of psychometric performance, one of six criteria used to distinguish the performance of the measures in this review. The other criteria used to evaluate measures are length, appropriate definitions of suicidal thoughts and behaviors, quantitative outcome, level of scientific scrutiny and restrictions on use. The evaluation distinguishes between brief measures, which may be more useful in studies where suicide is a secondary focus, and more comprehensive measures, which might be appropriate for studies focusing primarily on suicide. The aim of the review is to identify adult, self-report suicide measures that have sound psychometric properties and are appropriate for use in population-based research, with a view to promoting more consistent use of identified measures.
Method
The review adopted a two-stage method: Stage I focused on identifying eligible measures to include in the review and Stage II involved evaluating the quality of the measures against a hierarchical set of criteria.
Stage I: Selection of measures and inclusion criteria
A literature search using MEDLINE (1946-present) and PsycINFO (1806-present) was conducted in August 2013 using the Ovid interface to identify adult self-report suicide measures to be included in this review. The following search terms were used: ((suicid* or 'self harm') AND (scale or screen* or validat* or validity or detect* or psychomet*) AND (self-report or self-rat* or questionnaire* or epidemiolog* or survey) AND (symptom* or disorder)). The search excluded duplicates, books and non-English language articles.
Abstracts were then screened to identify measures used to assess suicidal thoughts and behaviors in adult populations (aged ≥ 18 years). Additional measures were sourced from reference list checks, review of the measures identified in Brown's review and recentlycreated measures known to the authors.
Measures retained were those that: contained two or more items that assessed suicidal ideation, plans and/or behaviors; were self-report; and developed for use with the general adult population (i.e., not specific to subgroups such as young adults or older adults).
Measures were excluded from this review if they: were clinician-rated; required interviewer or clinician administration; required clinical judgment; were specific to the assessment of suicide in particular populations (e.g., schizophrenia, children, adolescents or older adults); primarily assessed lethality, self-harm behaviors, or focused solely on risk or protective factors for suicide (e.g., hopelessness, reasons for living); or were developed and used only within non-English speaking countries. All measures were considered in accordance with their published mode of administration. Two researchers independently assessed whether the identified measures met eligibility criteria. Measures were then evaluated based on a hierarchical criterion approach, against the following criteria:
Stage II: Evaluation of the quality of measures
Criteria 1-4 -Appropriateness and usability of measures 1. Explicitly measures suicidal thoughts and behaviors, including at least one item that assesses suicidal ideation, and one item that assesses suicidal behavior (with intent to die) 2. Is brief and easy to administer 3. Yields quantitative data 4. Has been scientifically scrutinized (i.e., published in at least one peer review journal) b. test-retest reliability -assesses the consistency of results at two different time points; c. construct validity -demonstrates the theoretical structure of scores on the measure, their ability to discriminate and how well they correlates with related variables; d. concurrent validity -demonstrates the extent to which scores on a measure relate to scores on a similar measure at the same point in time; and/or e. sensitivity to change -refers to the ability of scores on to detect change over time.
Criterion 6 -Freely available
No financial cost or restrictions for use in population research
Measures that did not meet one of the first four criteria in the hierarchy were excluded from review against subsequent criteria, while criteria five and six were used to assess the quality and availability of the measures.
Results

Stage I: Identification of measures
The outcome of the literature review is shown in Figure 1 . From 1,117 abstracts, 80 measures used to assess suicidal thoughts and behaviors were identified. However, 61 were not English language self-report measures designed to assess suicidal thoughts and behaviors in the general population (see Figure 1 for details), with the remaining 19 retained for this review. Eleven of these 19 were not identified in Brown's (2001) review. The characteristics of the 19 retained measures are described in Table 1 . Six were considered brief self-report measures (five items or less), while the remainder were considered to be more comprehensive self-report measures of suicidal thoughts and behaviors. Stage I excluded measures that were developed for interviewer administration that have not been used widely in self-report format.
The 19 measures included in the review were: Adult Suicidal Ideation Questionnaire (ASIQ; Reynolds, 1991) 
Stage 2: Evaluation of the quality of measures
To examine the appropriateness of these measures, we compared each against the hierarchical set of criteria outlined in the methods section above. Firstly, appropriateness and usability of the measures were examined against criteria one to four. Once a measure did not meet one of the first four criteria in the hierarchy it was excluded from review against subsequent criteria. Secondly, psychometric properties were considered separately for brief and comprehensive measures in criterion five. Finally, measures were considered in terms of restrictions for use in criterion six.
[Insert Table 1 ]
Appropriateness and usability of measures
Criterion 1: Although the GHQ-items, IDAS-II suicide subscale, SMSIS, SRS, PANSI, SPS and the SIS include items that assess suicidal thoughts or behaviors, they do not include items to assess both thoughts and behaviors, or do not assess suicidal intent. Therefore these measures were unable to capture suicidal thoughts and behaviors as defined in this review and were excluded.
Criterion 2: The FAST is long: more than five times longer than other measures based on items or word count. Although a short form of the FAST existsthe 27-item FASIthe word count is still considerably greater than for other measures included in the review. Due to this additional burden on research participants, the FAST was excluded from further evaluation. Measures were further categorized as comprehensive (>5 items) or brief (≤5 items, ≤200 words). Flesch-Kincaid Grade Level (Kincaid, Fishburne Jr, Rogers et al., 1975) was also used to assess the literacy level required for each scale. The more comprehensive scales tended to have lower literacy demands than the shorter scales, although most had a reading grade below 7, indicating a junior high school level of reading proficiency. The one exception was the BSSI, which required the reading level of a high school graduate.
Criterion 3: The P4 screener was the only measure not to generate a quantitative score. The P4 provided an algorithm to help categorize a person's level of risk ranging from low to high.
This approach makes it difficult to aggregate scores, compare scores with different participant groups and monitor changes in suicidal thoughts and behaviors. The P4 was therefore excluded.
Criterion 4: All identified measures had been scientifically scrutinized and published in at least one peer reviewed journal article.
In this first stage of the evaluation, the FAST, GHQ-suicide items, IDAS-II, P4 screener, PANSI, SIS, SMSIS, SPS, and SRS were excluded from further review, leaving 10 (five brief and five comprehensive measures) for consideration of their psychometric properties.
Psychometric properties
Criterion 5: The second stage of assessment involved evaluating the reported psychometric properties for each of the five comprehensive and five brief measures, with a focus on internal consistency, test re-test reliability, construct validity, concurrent validity and sensitivity to change. Table 2 summarizes the psychometric properties of these 10 measures.
[Insert Table 2 ]
Comprehensive measures
In assessing the psychometric properties of the five comprehensive measures, we found that:
 The CHRT-SR lacks psychometric testing both in terms of test-retest reliability and sensitivity to change. The CHRT-SR is a relatively new measure and has only been tested in a single clinical sample (240 people with major depressive disorder taking antidepressants). Its psychometric properties need to be replicated in adult population groups.
 The HASS and YES both demonstrated good psychometric properties but sensitivity to change has been demonstrated only for the HASS. The HASS has only been tested in children and adolescent populations and, although it has been used with adults with psychotic illnesses or HIV, its psychometric properties have not been tested in an adult population. Similarly, the YES has only been tested in a small sample of adult bereaved carers who were at high risk of suicide. Therefore, its ability to detect low levels of suicidal thoughts in community samples is yet to be established. 
Brief Measures
Compared to more comprehensive measures, there was less evidence available that brief measures were psychometrically sound. The PSF suicide subscale has had the least psychometric testing compared to other remaining measures. The DSI-SS, SIDAS lacked assessment of test-retest reliability and sensitivity to change, and the SBQ-R also lacks data on sensitivity to change. The SIDAS is a relatively new measure that has been tested with a web-based sample of 1383 adults. Although the DSI-SS and the SBQ-R have been more widely used, the DSI-SS has only been tested with young adults and the SBQ-R has been psychometrically tested within a relatively small sample. As the absence of psychometric data may not reflect poor performance, all of these measures would benefit from further psychometric testing in the adult population.
After this stage of the evaluation, the ASIQ, BSSI and S-STS were the comprehensive measures with the strongest psychometric properties and were thus retained for evaluation against further criteria. Among the brief measures, the DSI-SS, SBQ-R and SIDAS had evidence of adequate psychometric properties and were retained for evaluation against further criteria.
Restrictions on use
Criterion 6: The DSI-SS and the SIDAS were the only two measures without restriction for use. The ASIQ and BSSI are copyrighted measures and must be purchased for use, posing a financial burden to researchers. In particular, the BSSI requires training and professional qualification for use, and administration must be performed using a required format. The S-STS The SBQ-R requires author permission for use.
In summary, none of the comprehensive measures met criteria for use. For the brief measures, the DSI-SS, SBQ-R and SIDAS met all criteria although, to date, they do not possess the same quantity of psychometric data as the comprehensive measures.
To provide context for the use of the three brief scales, the DSI-SS was developed as a brief screener of suicide risk for use in general health settings. It contains four items that each consist of four graded statements, regarding frequency of suicidal ideation, formulation of plans, controllability of suicidal thoughts and suicidal impulses, with scores ranging from 0-12 (Joiner et al., 2002) . The SBQ-R was developed as a brief measure of past severe suicidal thoughts and attempts for use in both clinical and non-clinical settings (Osman et al., 2001 ). It includes one item assessing a single dimension of severity (thoughts, plans, attempts), one item assessing frequency of suicidal ideation, one item on severity of threat of suicidal behavior, and one item on likelihood of future attempt, with scores ranging from 0-16 (Osman et al., 2001) . Finally, the SIDAS was developed for population-based research with a focus on use in internet-based research (van Spijker et al., 2014) . It contains four items assessing ideation (frequency, controllability, distress, functional impairment) and one assessing attempt (closeness to attempt), each rated on a 10-point scale, with scores ranging 0-50.
Discussion
There is no consensus of a standard, most effective measure for assessing suicidal thoughts and behaviors in population-based studies. The lack of consistency in the measures used makes it difficult to compare results in suicide prevention research, understand the full impact of the national and global suicide problem, and plan and evaluate prevention and treatment programs. This review identified and compared 19 self-report adult measures of suicidal thoughts and behaviors. These measures ranged from brief screening measures to comprehensive suicide risk assessment measures. Each of the measures had its own strengths and weaknesses and had undergone various degrees of psychometric testing.
Our provisional recommendations are based on how well measures satisfied the evaluation criteria, the strength of their psychometric properties and how well suited the measures might be to particular research designs (e.g., research designs where suicide is a primary outcome).
Comprehensive self-report measures
None of the comprehensive measures was recommended by this review for use in population-based research. The BSSI, ASIQ and S-STS met all the criteria except for restrictions on use, specifically financial costs of using these scales for population-based research. In research which is well-resourced, the BSSI or ASIQ may be used to assess severity of suicidal thoughts and behaviors, as these measures have comprehensive psychometric data available. The S-STS is a relatively new measure, with evidence of psychometric properties established in a single study. The ASIQ and BSSI have been used more extensively and exist in translated versions. The BSSI was also the only identified measure that assesses both passive and active suicidal ideation. However, the BSSI was found to have considerably greater literacy demands than all other scales.
Brief self-report measures
The DSI-SS, SBQ-R and SIDAS are the three brief measures that appear to best meet the evaluation criteria. The strengths of these measures are their ease of administration, assessment of suicidal ideation and behavior, cost-free status and their adequate psychometric properties. However, all three measures require further exploration of their psychometric properties, particularly in terms of predictive validity and test-retest reliability. These three brief measures would benefit from further testing in large population-based adult samples. An additional consideration is that the SBQ-R has a higher word count than other brief measures, partly by virtue of lengthy response choices, so this measure may take longer to administer than other brief measures. Nevertheless, the SBQ-R has been used more extensively than the other brief measures.
As noted, the present review focused on measures that assess the level of severity of suicidal thoughts and behaviors as a dimension. There are measures available that assess the prevalence of suicidal ideation and behavior, without assessing a severity dimension. Such measures, which include the PSF and P4, typically use binary responses to identify history of suicidal behavior, and have not been exposed to extensive psychometric testing. Although the present review focused on dimensional measures, studies that only require assessment of previous suicidal thoughts or behaviors as risk factors for subsequent outcomes may find these types of brief measures to be adequate for capturing history of suicidal ideation, intent and behavior. Nevertheless, the DSI-SS, SBQ-R and SIDAS may also be used to assess prevalence and have been shown in this review to possess acceptable psychometric properties.
Implications for researchers
The findings of this review have a number of implications for suicide researchers.
Firstly, in deciding on a suicide measure, researchers need to consider their participant profile, what aspects of suicide risk they want to assess (e.g., thoughts of death, suicidal ideation or suicide attempt), the frequency of measurement and the validity and reliability of the measures they are considering. Given that some of the psychometrically sound measures require a payment for use, researchers may need to account for costs of licensing measures in research budgets, rather than opting for measures that have less psychometric data available but are free to use. Secondly, given that there is an existing range of self-report measures available, it is recommended that researchers consolidate and further explore the psychometric properties of existing measures rather than create new measures, thereby perpetuating the lack of consistency in measurement (Brown, 2001) . In particular, to establish which scales most accurately identify individuals at risk for future suicidal behavior, there is a need for additional research into the predictive validity of suicide measures in the population setting.
A majority of the studies assessing the psychometric properties of suicide measures have been conducted in clinical rather than population settings, which is a particular challenge for population-based research. Given that a minority of people with suicidal ideation seek help (see, e.g., De Leo, Cerin, Spathonis et al., 2005) , the relative scarcity of population validation studies is a gap of concern. Another specific need is for calibration of measures, that is, identifying where along the continuum of suicide risk each measure works and how accurately they do this. Some measures may capture only low-level suicide risk with precision and leave severe levels poorly measured, or vice versa. Such calibration is likely to require new datasets that include multiple measures and use of item response theory to compare severity ratings, analogous to research previously conducted on depression measures (Wahl, Lowe, Bjorner et al., 2014) . Such calibration also needs to account for the varying time frames used by different scales.
Lastly, researchers may consider complementing suicide self-report measures with additional self-report measures, assessing factors such as psychiatric illness, social and family circumstances, feelings of hopelessness and life stressors, in order to help develop a broader understanding of suicidal thoughts and behaviors.
Limitations
A feature of the review was that measures were only considered in accordance with their recommended mode of administration. This may have led to the exclusion of measures that were initially designed to be delivered by an interviewer, but have been adopted for use as self-report measures. Relatedly, not all of the measures were designed for use in population settings, disadvantaging measures designed for other settings such as in clinical assessment. Secondly, the review was limited to English language measures, potentially excluding psychometrically sound measures available in other languages. Furthermore, there is limited data available on the relevance of the scales in culturally diverse populations, with most of the scales used exclusively in Western nations. Lastly, measures that primarily assessed lethality, self-harm behaviors or buffers against suicide were beyond the scope of this review.
Conclusions
This review identified measures that show promise for use as standardized self-report suicide measures for use by adults in population research. Although none of the comprehensive measures met the criteria for recommendation, the ASIQ and BSSI showed the most potential for use in population research, although both measures incur financial costs. Of the brief screening measures, the DSI-SS, SBQ-R and SIDAS have greatest potential for use in population-based research. Further research assessing the performance of these measures is needed to strengthen the present recommendations, with a particular emphasis on evaluating predictive validity and calibrating the range of severity assessed by the identified measures. were clinician rated  7 assessed suicidality in the youth population  6 were mental health/distress instruments  5 were self-harm measures  5 were developed in a language other than English and used in countries where English was not the primary language  4 assessed suicidality in the geriatric population  3 had suicide items but were not suicide measures  3 assessed protective factors to suicide  2 assessed lethality 19 measures remained for hierarchical evaluation High agreement between the self-rated and clinician rated versions ( ranging from.63 to.81) (Trivedi et al., 2011) .
Three factors: hopelessness, perceived lack of support and active suicidal thoughts and plans. Each correlated with the total score, all loading > .70 (Trivedi et al., 2011) .
Not reported. (Preti et al., 2013) Correlated with GHQ (r = .21) and with Rosenberg Self-Esteem Scale (r = -.30) and Modified Social Support Survey (r = -.21) (Preti et al., 2013) One factor with all factor loadings > .70 (Preti et al., 2013) In a double blind randomized control trial of 80 patients prescribed citalopram and /or lithium, the S-STS showed improvement over four week period. Excellent testretest (r = .95) over 2 weeks (Cotton, Peters, & Range, 1995) Correlated with Scale for Suicidal Ideation (r = .69) and negatively correlated with Reasons For Living Sale (r = -.34) (Cotton et al., 1995) No factors identified A cut off of 8 demonstrated excellent sensitivity in discriminating between suicidal and non-suicidal patients (Osman et al., 2001) Not reported. 
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